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Abstract 
The ligands 2-Imino-3-(2-hydroxyphenyl)-1-oxazolidine-4-one and 2-Imino-3-(2-hydroxy phenyl)-1   
thiozolidine-4-one were synthesized by condensation of 2-chloro-N-(2-hydroxyphenyl) acetamide with 
potassium thiocyanate and potassium cyanate respectively. The chromium metal complexes of the ligands were 
prepared by refluxing the ligands with hydrated chromium metal salts (CrCl3.6H2O and Cr(NO3)3.9H2O). Both 
ligand and metal complexes were characterized using UV-Vis, IR, 1H- and 13C-NMR spectroscopies. Elemental 
Analysis and conductometric results demonstrated the metal-ligand ratio and non-electrolytic nature of the 
complexes. IR spectral data revealed that both heterocyclic ligands coordinate through their heterocyclic 
nitrogen and deprotonated phenolic oxygen to the metal and act as anionic bidentate ligands. Magnetic studies 
and electronic spectral indicated octahedral geometry of all Cr (III) complexes. The ligands and their complexes 
were screened in-vitro for their antibacterial and antifungal activities against two bacterial strains, Escheria coli 
and Staphylococcus aureus and two fungal strains, Aspergilus niger and C.gloeosporioides using agar well 
diffusion technique. The synthesized complexes were found to be more bioactive than the corresponding free 
ligands. 
Keywords: Antimicrobial screening; Chromium complex; Heterocyclcic ligand; Oxazolidinone; Thiozolidinone. 
------------------------------------------------------------------------ 
* Corresponding author.  
International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 33, No  3, pp 236-251 
237 
 
1. Introduction  
The rapid emergence of multi-drug resistant microbial pathogens is threatening the commercially available 
antibiotics, which have been used for decades and saved millions of lives [1-5]. With the existence of this 
phenomenon, there is growing interest in the discovery of new antibacterial agents [6]. Heterocyclic ligands and 
their derivatives are one of the most important classes of compounds with wide spectrum of antimicrobial 
activities that have drawn attention due to their increasing importance in the field of pharmaceuticals [7]. 
Numerous attempts have been made to synthesize heterocyclic-based molecules in effort to solve problems of 
pathogenic bacteria and fungi resistance drugs [8]. For instance thiazolidinones, which is a fundamental 
structure of many synthetic pharmaceuticals, have showed a broad spectrum of biological activities. These 
molecules with a carbonyl group on the fourth position have been extensively studied in the past owing to their 
broad range of biological activities. Thiazolidinones substituted at the second position also exhibit unusually 
high in vitro activities against Mycobacterium tuberculosis, and it is the core building component of penicillin 
antibiotics [9]. In recent years several new methods have been reported for preparing thiazolidinone derivatives 
[10]. Heterocyclic compounds with one, two or three coumarin cores contain thiazolidinone moieties and 
thiazolidinone coumarin derivatives have been proven to have significant biological activities like 
anticonvulsant [11], cytotoxic [12], antioxidant activity [13], antiviral agents [14], antifungal [15], antibacterial 
activities [16], and are cyclooxygenase inhibitors [17] as well as anticarcinogenic agent. Reports have recently 
indicated that substituted thiozolidinone and oxazolidinones inhibit the enzyme, integral component in bacterial 
peptidoglycan biosynthesis even at low molar level. For instance mercaptoimidazole derivatives have showed 
bactericidal and fungicidal activities since substitution pattern in oxazole and thiazole derivatives play a crucial 
role in defining the biological activities [18]. Many other heterocyclic molecules including imidazole, thiazole, 
carbazole oxazole and benzimidazole etc. have also been found to have antimicrobial activities [19-23]. 
The search for materials that have novel biological activities has led researcher to transition metal complexes 
since the activity of ligands can be changed by coordinating with metal ions. The interest in coordination 
chemistry is increasing continuously with the synthesis and characterization of large number of transition metal 
complexes with heterocyclic ligands and macrocylic ligands [24-27]. Heterocyclic ligands play important roles 
in coordination chemistry as they easily form stable complexes with most transition metal ions [28]. Particularly 
transition metal complexes with nitrogen, oxygen and sulphur containing ligands has drawn more attention since 
they demonstrated variety of biological activities including antitumor, fungicidal, bactericidal, anti-
inflammatory, and antiviral [29]. 
In the last few years so many studies have been done on the structure, chemical behavior and evaluation of 
biological activity of several metal complexes to search for substitute drugs that have more strong activity 
against multi-drug resistant bacteria and fungi than the existing drugs [30]. Many reports have indicated that 
transition metal complexes possess more powerful antibacterial effect than the corresponding ligands [31, 32]. 
Chromium is one of the transition metals which exists in wide variety of oxidation states such as +2, +3 and +6 
and reacts with many naturally occurring ligands particularly with those that contain N, O and/or S donor atoms 
to form several isomeric complexes. Despite these results very little is known about the composition and 
structure of the biologically active forms of chromium [33]. Chromium (III) complexes of macro cyclic ligands 
International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 33, No  3, pp 236-251 
238 
 
are well known for their biological importance including anti-carcinogenic, antibacterial, and antifungal 
properties [34] Numerous Chromium (III) complexes have been studied so far. It has been reported that 
Chromium (III) complexes with O, N and S donor macro cyclic ligands can increase the activity of insulin by 
binding to a small chromium binding protein [35] though some controversy regarding the exact biochemical 
forms and the action of Chromium (III) in biological systems. Although a large number of complexes of 
transition metals with different Schiff’s bases of heterocyclic, macrocyclic and other ligands have been studied 
for their structures  and various properties, to the best of our knowledge, there is no any report  on the synthesis 
and properties of complexes of Cr (III) with heterocyclic ligands like 2-Imino-3-(2-hydroxyaryl)-1-oxazolidine-
4-one and 2-Imino-3-(2-hydroxyaryl)-1-thiozolidine-4-one. In this article, we present the synthesis, 
characterization and antimicrobial study of the ligands and their Cr (III) complexes. 
2. Materials and Methods 
2.1 Reagents and chemicals 
All the chemicals used in this study were of analytical grade and used without further purification. Solutions of 
PDA (potato dextrose agar), Mueller Hinton agar (MHA) were prepared in the laboratory. Solvents employed in 
synthetic work were used as supplied whereas for spectroscopic and thin layer chromatographic work, HPLC 
grade solvents were used. 
2.2 Characterization techniques 
The 1H and 13C NMR spectra of the samples were recorded in CDCl3 on Bruker Ultrashield TM 400 
spectrometer using TMS as internal standard. The infrared spectra were recorded on Fourier Transform Infrared 
(FT-IR) spectrophotometer (prestige- 21) in the range 4000-400 cm-1, in KBr medium.  C, H, N elemental 
analyses were done with a Carlo Erba Model EA1108 analyzer. The melting points of the synthesized 
compounds were determined in an open glass capillaries using Bibby Sterilin LTD, ST150SA, UK melting point 
apparatus. Electronic spectral measurements were done using UV/Vis-SP65 SYANO spectrophotometer in 200-
800 nm range. Magnetic susceptibility measurements were done using MSB-AUTO, (Sherwood Scientific) 
magnetic balance. The molar conductivity measurements were carried out using Jenway digital conductivity 
meter (UK). Antimicrobial evaluation was performed for both the ligands and complexes.  
2.3 Synthesis of ligands and complexes 
2.3.1 Synthesis of 2-imino-3-(2-hydroxyphenyl)-1- thiazolidin-4-one ligand (L) 
The two ligands, 2-imino-3-(2-hydroxyphenyl)-1-thiazolidin-4one (L) and 2-imino-3-(2-hydroxyphenyl) -1- 
oxazolidin-4-one (L') were synthesized in two steps. The synthesis of the first ligand was carried out as 
indicated in Scheme 1. To benzene solution of 2-hydroxyaniline (A) (5.45 g, 0.05 mole) in an ice bath was 
added chloroacetyl chloride (B) (8 mL) slowly with vigorous stirring and a light pink precipitate was formed. 
The resulting reaction mixture was filtered out, washed with benzene, dried in air and recrystallized from 
ethanol. Then a mixture of recrystallized 2-hydroxy aryl chloroacetanilide (C) and potassium thiocyanate (1:1 
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molar ratio) in acetone was refluxed for three hours. The resulting reaction mixture was filtered and the solvent 
was removed by rotary vapor. The product was washed with excess water and recrystallized from ethanol. Air 
dried products were collected. Yield: 61 %; 1H NMR (400MHz, DMSO) δ 4.5 (1H), δ 12.7 (1H), δ 6.6-7.9 (4H, 
m) and δ 4.8 (1H). 13C NMR δ 67 (H2C), for, δ157.5 (azomethine C), δ (116-129) for aromatic HC, δ 166 
(carbonyl C) and δ148 (phenolic group carbon); IR (KBr) νmax/cm-1: 1659(ring C=O), 715d (C-S-C), 1548 
(C=N), 3338 and 3410 (N-H), 1329 (C-N-C), 3185 and 3410 (phenolic OH), 1456 and  1597 (benzene C=C), 
2983 (benzene C-H) , 750 (ortho-disubstituted); Anal. Calcd for C9H8N2O2S, C, 51.92; H, 5.77; N, 13.46; S, 
15.38 %. Found C, 48.66; H, 4.80; N, 12.37; S, 16.10 %. 
2.3.2 Synthesis of 2-imino-3-(2-hydroxy phenyl)-1-oxazolidine-4-one (L’) 
This ligand was synthesized as outlined in Figure 7. A mixture of 2-hydroxy aryl chloroacetanilide and 
potassium cyanate (1:2 molar ratio) in methanol was refluxed for 2 hrs and the reaction mixture was filtered to 
remove KCl. Then the solvent was removed by rotary vapor. The resulting product was washed repeatedly with 
water to ensure complete removal of KCl. The dried product was recrystallized from ethanol.  Finally Crystals 
of product were dried in air. Yield: 69 %; 1H NMR (400MHz, DMSO) δ2.5 (1H), δ4.1(1H), δ(6.7-8.0) (4H, m), 
δ4.2 (1H). 13C NMR δ34 H2C, δ167 (azomethine C), δ (116-127) for aromatic HC, δ 171 carbonyl C and δ 
147.5 (phenolic group carbon); IR (KBr) νmax/cm-1: 1653 (ring C=O), 1106 (C-O-C), 1554 (C=N), 3341 (N-H), 
1372 (C-N-C), 3448 (phenolic OH), 1455 and 1600 (benzene C=C), 2983 (benzene C-H), 749 (ortho-
disubstituted); Anal. Calcd for C9H8N2O3 C, 51.26; H, 6.25; N, 14.33; S, 0.00 %. Found C, 49.59; H, 5.19; N, 
12.72; S, 0.00 %. 
2.3.3 Synthesis of Cr (III) complexes 
Chromium complexes were prepared using the two synthesized ligands and hydrated chromium metal salts 
(CrCl3.6H2O and Cr (NO3)3.9H2O).  For the preparation of Cr (III) complexes with the titled ligands the mixture 
containing equimolar quantities of each metal salts CrCl3.6H2O and Cr (NO3)3.9H2O (0.015mol) and each 
ligands (0.015) in ethanol were refluxed with stirring for about two hours. The reaction mixtures were 
concentrated on the water bath and cooled to room temperature. The precipitates obtained were filtered out, 
washed three times with water and ethanol respectively. The resulting products were recrystallized from ethanol 
and then dried in air.   
Chromium complex (Cr1): yield: 59 %; IR (KBr) νmax/cm-1: 1649 (ring C=O), 717d (C-S-C), 1548 (C=N), 
3338, 3384 and 3410  (N-H), 1284 (C-N-C), 3186 and 3410  (phenolic OH), 1456 and1595 (benzene C=C), 
2978 (benzene C-H) , 749 (ortho-disubstituted), 596 (M-O), 455d (M-N) , 813, 841 and 969  (coordinated water 
pr, pw, pt)); Anal. Calcd for [Cr(C9H8N2O2S)2Cl(H2O)], C, 41.57; H, 3.08; N, 10.77; S, 12.31; Cr, 10.01  %. 
Found C, 45.18; H, 4.15; N, 10.31; S, 14.83; Cr, 10.27 %. 
Chromium complex (Cr2): yield: 58 %; IR (KBr) νmax/cm-1:  1649 (ring C=O), 705d (C-S-C), 1549 (C=N), 
3338 and 3382 (N-H), 1284 (C-N-C), 1457 and1597 (benzene C=C), 2984 (benzene C-H) , 748 (ortho-
disubstituted), 597 (M-O), 453d  and 541 (M-N),3338, 3382 and 1649 (lattice water) , 831, 901 and 966  
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(coordinated water pr, pw, pt)); Anal. Calcd for [Cr (C9H8N2O2S)2NO3(H2O)], C, 38.29; H, 3.19; N, 12.41; S, 
11.34; Cr, 9.21  %. Found C, 38.80; H, 1.98; N, 11.77; S, 11.70; Cr, 9.54 %. 
Chromium complex (Cr3): yield: 55 %; IR (KBr) νmax/cm-1:  1653(ring C=O), 1107(C-O-C), 1553(C=N), 
3367(N-H), 1377(C-N-C), 1459 and 1591 (benzene C=C), 749(ortho-disubstituted), 584 (M-O), 477 (M-N); 
Anal. Calcd for [Cr (C9H8N2O3)3]; C, 51.84; H, 3.36; N, 13.44; S, 0.00; Cr, 8.32 %. Found C, 51.90; H, 3.27; N, 
7.45; S, 0.00; Cr, 8.26 %. 
2.4 Antimicrobial Evaluation 
Antimicrobial (antibacterial and antifungal) activities of the ligands and their complexes were investigated in-
vitro against bacteria and fungi using disc diffusion method. Growth zone of inhibition was measured to 
determine the antibacterial and antifungal activities of the synthesized ligands and complexes and compared 
with the commercially available drug chloramphenicol (antibacterial) and bavistin (antifungal). 
2.4.1 Inoculums preparation 
The test bacterial strains, Escherichia coli (Gram-negative) and Staphylococcus aurous (Gram-positive),were 
transferred from the stock cultures and streaked on Mueller Hinton agar (MHA) plates and incubated for about 
24 h. Bacteria were transferred using bacteriological loop to autoclaved MHA that was cooled to about 450C in 
water bath and mixed with gentle swirling the flasks. The medium was then poured to sterile Petri dishes, 
allowed to solidify and used for the bio-test. For fungi test, mycelia plugs from the stock cultures were 
transferred to PDA plates and incubated for 6 days. Then spores of the test fungi names were harvested 15 by 
washing the surface of the colony using 10 ml sterile distilled water and transferred to 50 ml autoclaved PDA 
cooled to about 350C in a water bath. The medium containing spore suspension was poured to sterile plates, 
allowed to solidify and was used for the paper disc diffusion bioassay. 
2.4.2 Antifungal Activity 
Paper discs about 3 mm in diameter were cut from Watman-1filter paper with an office paper punch and placed 
in a beaker covered with aluminium foil and sterilized in an oven at 1800C for 1 h. Aliquots of 10 μl and 20 μl 
of the sample solutions of ligands and their complexes were pipetted to the discs. The paper discs impregnated 
with the sample solutions were then transferred using sterile forceps to PDA seeded with spore suspension of 
test fungi as described under inoculums preparation above. The petri dishes were incubated at 260C for 6 days. 
All the tests were performed in triplicate. The effectiveness of the samples was evaluated by measuring 
inhibition zone against the tested organisms. 
2.4.3 Antibacterial Activity 
Similar procedures were followed for testing antibacterial activities. Paper discs were transferred to Mueller 
Hinton agar (MHA) plate seeded with bacteria and incubated at 37 0C for 24h. All the tests were performed in 
triplicate. Antibacterial activity was evaluated by measuring the zone of inhibition against the tested organisms. 
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3. Results and Discussion 
The reaction of 2-hydroxyaniline and chloroacetyl chloride in an ice bath was afforded 2-hydroxy aryl 
chloroacetanilide. Subsequently the resulting aryl chloroacetanilide was refluxed with potassium thiocyanate 
and potassium cyanate to give 2-Imino-3-(2-hydroxyphenyl)-1-oxazolidine-4-one and 2-Imino-3-(2-hydroxy 
phenyl)-1-thiozolidine-4-one ligands respectively as presented in Figure 6 and 2. The reaction of hydrated 
chromium metal salts (CrCl3.6H2O and Cr(NO3)3.9H2O) with these ligands yielded three chromium complexes. 
All the synthesized ligands and complexes were screened for their antibacterial and antifungals activities.  
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Figure 6: Synthesis of 2-Imino-3-(2-hydroxy phenyl)-1- thiazolidine-4-one 
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Figure 7: Synthesis of 2-Imino-3-(2-hydroxy phenyl)-1- oxazolidine-4-one 
The physical characteristics of all the ligands and complexes are presented in Table 1 and 2. The molecular 
weights of the synthesized compounds were determined in DMSO solution. The experimental values of the 
molecular weights of the synthesized compounds are very close to the theoretical values calculated on the basis 
of bimetallic nature suggesting that all of the complexes are bimetallic complexes.  Conductance of all the 
synthesized chromium complexes in DMSO (10-3 M concentration) was measured at room temperature. All the 
complexes demonstrated molar conductance values ranging from 7.32 to 12.11 ohm-1cm2mol-1 as shown in 
Table 1, indicating that the non-electrolytic nature of the complexes which is consistent with reported literature 
[26]. We further performed silver nitrate test to verify the conductometric results of the complexes. No white 
precipitate was obtained on mixing of each complex with AgNO3 solution in water-ethanol (3:2 v/v). The 
absence of any ionic chlorine in the complexes is consistent with their non-electrolytic nature of the complexes 
synthesized. However, the presence of coordinated chlorine in complexes has been tested by decomposing the 
complexes with concentrated HNO3 and treating their acidic solutions with aqueous solution of AgNO3. In the 
case of Cr (III) chloride complexes of thiozolidinone ligands, white precipitate of silver chloride, which is 
soluble in NH4OH, was obtained indicating the coordination of chlorine with these metals. 
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Table 1: Physical properties and analytical data of ligands and their complexes 
Compound MW (found) Color Melting Point  MC Yield (%) 
L 208 (204.2) yellow 120±2 - 61 
L' 192 (189.5) orange 90±1 - 69 
Cr1 529.5 (524) Pale golden 154±1 9.29 59 
Cr2 564 (558.3) Red  brown 156±1 12.11 58 
Cr3 625 (619.12) Dark brown 128±1 7.32 55 
L: C9H8N2O2S, thiozolidinone ligand; L’: C9H8N2O3, oxazolidinone ligand; Cr1: [CrL2Cl(H2O)];  
Cr2:[CrL2NO3(H2O)].H2O;  Cr3: [CrL'3]; MW: Molecular Weight; MC: Molar Conductance(Ω-1cm2 mol-1) 
The metal contents in the complexes were determined using Atomic Absorption Spectroscopy (AAS). Metal 
percentage along with analysis data was used to determine metal-ligand ratio in the complexes. For this purpose, 
30 mg of each complex was digested completely in concentrated HNO3 till nearly colourless solution was 
obtained and analyzed by AAS. The elemental analysis of the ligands and their complexes show that the amount 
of carbon, hydrogen, nitrogen and sulphur (CHNS) are close to the experimentally determined values as 
presented in table 2.  The experimental percentages of metals in the complexes were calculated using the 
following equation:  M (%) = 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 (𝐩𝐩𝐩𝐩𝐩𝐩) 𝐗𝐗 𝐕𝐕𝐜𝐜𝐕𝐕𝐕𝐕𝐩𝐩𝐜𝐜
𝐩𝐩𝐜𝐜𝐦𝐦𝐦𝐦 𝐜𝐜𝐨𝐨 𝐦𝐦𝐜𝐜𝐩𝐩𝐩𝐩𝐕𝐕𝐜𝐜 𝐜𝐜𝐜𝐜𝐭𝐭𝐜𝐜𝐜𝐜  𝑋𝑋 1001000  
3.1 Infrared Spectra 
FT-IR spectra of complexes were measured to elucidate the binding mode of the ligands with chromium metal 
ion as compared to the spectra of free ligands (Figure 4 and 5).The characteristic absorption peak at 3410 cm-1 
in the spectrum of ligand L is due to phenolic ν (OH).  When the ligand formed complex with chromium metal 
ion, the peak due to phenolic (OH) was almost disappeared in the resulting complex which indicated the 
involvement of deprotonated phenolic oxygen in binding with the metal ion. New peak in 527-596 cm-1 range 
appeared corresponding to ν (M-O) which confirms coordination of one of the deprotonated phenolic oxygen 
[36]. After complexation, the band of the ligand at 1548 cm-1 due to ν(C-N-C) showed substantial decrease, 
which clearly indicates coordination of pentacyclic ring nitrogen with metal ion. A new band in 455-541 cm-1 
with doublet structure in complex spectra appeared which further confirms the coordination of pentacyclic ring 
with nitrogen. Lattice water displays symmetric and asymmetric stretching and bending vibrations at 3338cm-1 
and 3382 Cm-1 and 1649Cm-1 whereas water of coordination peaks appears in 813Cm-1-969Cm-1 ranges in the 
complexes. Doublet peaks in [CrL2Cl(H2O)] complex could be due to two closely spaced peaks of ν(Cr-N) and ν 
(M-Cl). For the complex that contains NO3 (Figure 2), an additional band at 541Cm-1 appeared which might be 
assigned to ν (Cr-NO3). 
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Table 2: Atomic Absorption and Elemental Analysis Data 
Cpd Conc Abs Analysis(%), Calcd (found) Metal   (%)                               
Calcd (found)      C                            H                      N                     S 
L - 120±2 51.92 (48.66) 5.77 (4.80) 13.46 (12.37) 15.38 (16.10) - 
L' - 90±1 51.26 (49.59) 6.25 (5.19) 14.33 (12.72) 0.00 - 
Cr1 12.09 0.0164 41.57 (45.18) 3.08 (4.15) 10.77 (10.31) 12.31 (14.83) 10.01 (10.27) 
Cr2 11.45 0.0157 38.29 (38.80) 3.19 (1.98) 12.41 (11.77) 11.34 (11.70) 9.21 (9.54) 
Cr3 10.18 0.0143 51.84 (51.9) 3.36 (3.27) 13.44 (7.45) 0.00 8.32 (8.26) 
Similarly the peak at 3448 Cm-1 in ligand L' spectrum is attributed to phenolic ν (OH).  This peak has been 
disappeared in complex spectrum as indicated in figure 2. The absence of ν (OH) band in the complex spectrum 
and appearance of new band in 584-585 cm-1 range is attributed to ν (M-O) which indicates the coordination of 
the deprotonated phenolic group [36]. The  band lowering in free ligand  L' at 1554cm-1 corresponding  to 
pentacyclic ring ν (C-N-C)  on complexation clearly indicates the coordination of the ring  nitrogen with metal 
ion;  a new band in 446-447 cm-1 with  doublet structure in complex spectrum supports the coordination of the 
ring nitrogen (C-N-C ) group of the  ligand L'.  
 
 
Figure 1: FTIR Spectrum of [Cr(C9H8N2O2S)2Cl(H2O)]. 
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Figure 2: FTIR Spectrum of [Cr(C9H8N2O2S)2NO3(H2O)] 
 
Figure 3:  FTIR Spectrum of [Cr (C9H8N2O3 )3] 
 
Figure 4: FTIR Spectrum of C9H8N2O2S, thiozolidinone ligand (L) 
International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 33, No  3, pp 236-251 
245 
 
 
Figure 5: FTIR Spectrum of C9H8N2O3, oxazolidinone ligand (L') 
3.2 The Electronic (UV-Vis) Spectra and Magnetic Measurements 
 Absorption spectra of chromium (III) complexes (Table 3) displayed three /four bands. The first two bands that 
appeared in 20325- 22727 cm-1 and 21739- 25125 cm-1 ranges are due to spin allowed  4A2g → 4T2g(F) (v1) , 
4A2g → 4T1g(F) (v2) transition respectively, whereas the third band in 28902- 33783 cm-1 region corresponds to 
spin forbidden transition 2Ag→4Tg(P) of d3 octahedral geometry of Cr(III) complexes. A very high energy band 
in 42735-43103 cm-1 range, however, is due to ligand to metal charge transfer.  The ligand field parameters were 
calculated for the complexes as indicated in Table 4. The values of B for the complexes are in the range of 813–
909 cm-1, which is low as compared to the free ion value suggesting an interaction between the ligands and 
chromium (III) ion (presence of covalent character in the complexes). The covalency factor β for the complexes 
are ranging from 0.792–0.890, which is less than unity indicating the presence of significant amount of covalent 
bond character between the organic ligands and chromium (III) ion in the complexes. The magnetic moments of 
the complexes were also measured at room temperature as indicated in Table 4. Magnetic moments of all the 
complexes were found to be in the range 1.66–1.81. Though they are lower than the lower limit for usual 
octahedral complexes, they are within the range of reported values for octahedral complexes.  The lowering in 
magnetic moments could be accounted for their binuclear structures involving anti-ferromagnetic interactions 
[37]. 
3.4 Antibacterial and Antifungal Activities of Ligands and Complexes 
The synthesized ligands and complexes were tested in-vitro against gram-positive, gram-negative bacteria and 
fungi using paper disc diffusion method. The results obtained from antimicrobial bioassay were expressed in 
terms of zone of inhibition which was measured in mm as indicated in Table 5. For comparison commercial 
drugs, chloroamphenicol and Bravistin, were used as reference against bacteria and fungi respectively. 
Antibacterial activities of ligands (thiozolidinone and oxazolidinone) and their complexes with Chromium (III) 
were analyzed against gram-positive (Staphylococcus Aureus) and gram-negative bacteria (Escherichia coli). 
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Both ligands have shown moderate antibacterial activities as indicated in Table 5 i.e. they inhibited the growth 
of bacteria to some extent. However the Chromium (III) complexes of oxazolidinone and thiozolidinone 
demonstrated moderate dose dependent antimicrobial activities against S.aureus and E.coli bactria. 
Table 3: Electronic spectra and magnetic moment data of the complexes 
Cd Absorption 
Region (cm-1) 
Band assignments Magnetic moments 
 μeff (BM) 
Geometry 
Cr1 22727 
24752 
28902 
42735 
4A2g→4T2g(F) 
4A2g→4T1g(F) 
2Ag→4Tg(P) 
LMCT 
1.68 Octahedral 
Cr2                             
 
 
22727 
25125 
33112 
4A2g→4T1g(F) 
4A2g→4T1g(F) 
2Ag→4Tg(P) 
1.66 Octahedral 
Cr3 20325 
21739 
33783 
43103 
4A2g→4T2g(F) 
4A2g→4T1g(F) 
2Ag→4Tg(P) 
LMCT 
1.81 
 
Octahedral 
L =C9H8N2O2S; L'=C9H8N2O3    LMCT = Ligand to Metal Charge Transfer 
Table 4: Parameters of electronic spectra for chromium complexes 
Complexes             Ligands field parameters  
B                  C                10Dq                β 
[CrL2Cl(H2O)] 909             3636            22727              0.890 
[CrL2NO3(H2O)].H2O 909            3636            22729               0.885 
[CrL'3] 813            3252            20325               0.792 
Table 5: Antibacterial activities of synthesized Ligands and their Chromium Complexes 
Bacterial 
stain 
Conc. 
µL 
Zone of Inhibition (mm) 
L L’ Cr1 Cr2 Cr3 DMSO 
(Control) 
Cpl 
E.Coli 10 10 9 15 17 10 - 21 
20 15 21 22 20 16 - 29 
S. Aureus 10 13 7 19 21 9 - 23 
20 20 15 21 24 11 - 34 
L: C9H8N2O2S, thiozolidinone ligand; L’: C9H8N2O3, oxazolidinone ligand; Cr1: [CrL2Cl(H2O)]; 
Cr2:[CrL2NO3(H2O)].H2O ;  Cr3: [CrL'3] ;  Cpl: Chloraphenicol ; E. Coli: Escherichia Coli;    S. Aureus: 
Staphylococcus Aureus; Chloramphenicol is used as Standard for bacteria 
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The antifungal activities of all the ligand and chromium metal complexes were evaluated against two fungal 
cultures Aspergillus niger and C. Gloeosporioides. As indicated in Table 6 both species of fungi Aspergillus 
niger and C. Gloeosporioides are not susceptible to thiozalidinone ligand (C9H8N2O2S) and its chromium 
complexes ([CrL2Cl(H2O)], [CrL2NO3(H2O)].H2O). They did not show any zone of inhibition indicating that 
they have no any pharmacological potential to control growth of these fungi. But chromium complex of 
oxazolidinone and the ligand itself demonstrated good antifungal activities against Aspergillus niger and C. 
Gloeosporioides.  They inhibited they growth of the two fungi. The Chromium (III) complex with oxazolidinone 
showed a much better activity than the free ligand against fungi strain. However in comparison to the standard 
drug Bravistin, the complex showed comparable and moderate growth inhibition zone for Aspergillus Niger and 
C. Gloeosporioides fungi respectively.  The chromium complex of oxazolidinone demonstrated almost similar 
activities against both Aspergillus niger and C. Gloeosporioides fungi.   
Table 6: Antifungal activities of synthesized Ligands and their Chromium Complexes 
Fungal stain 
 
Conc. 
µL 
Zone of Inhibition (mm) 
L L’ Cr1 Cr2 Cr3 DMSO 
(Control) 
Bravastin 
A. Niger 10 - 4 - - 15 - 19 
20 - 5 - - 18 - 24 
C.Gloeospori
oides 
10 - 3 - - 16 - 33 
20 - 5 - - 21 - 35 
L: C9H8N2O2S, thiozolidinone ligand; L’: C9H8N2O3, oxazolidinone ligand; Cr1: [CrL2Cl(H2O)];  
Cr2:[CrL2NO3(H2O)].H2O ;  Cr3: [CrL'3] ;  A. Niger: Aspergillus niger;    C. gloeosporioides: Colletotrichum 
gloeosporioides; Bavistin is used as Standard fungicide 
All synthesized chromium metal complexes have shown more inhibitory activity against bacteria, and fungi as 
compared to the individual ligands which is consistent with several literatures reported earlier, demonstrating 
the increase of antifungal and antibacterial activity when of ligands form complexes with metals [38, 39] the 
activity increase might be accounted to chelation concepts. It is noted that cell permeability of lipid membrane 
that favors the passage of only lipid soluble materials (lipophilicity) has an important impact to control 
antimicrobial activity. On chelation the ionic character of the metal decreases and the covalency of the bond 
between the metal and the ligand increases i. e. there is partial sharing of the positive charge of the metal ion 
with ligands (donor groups). And there would be delocalization of π-electrons over the whole chelate ring and 
enhances the lipophilicity of the complex. This increased lipophilicities of complexes allow easy penetration 
into lipid membranes of organisms and blocks enzymes not to function properly [40]. 
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4. Conclusion 
In summary, thiozolidinone- and oxazolidinone-based ligands and their chromium metal complexes were 
synthesized. The structures of the ligands and complexes were elucidated using spectroscopic techniques (UV-
visible, NMR, FT-IR and AAS), molecular weight, molar conductance and magnetic susceptibility 
measurements. Both the ligands and their complexes were tested for their antifungal and antibacterial activities. 
FT-IR spectral studies revealed the coordination of heterocyclic nitrogen and deprotonated phenolic oxygen 
atoms of both ligands to the metal ion. Electronic spectral and magnetic data indicated antiferromagnetic 
interactions in all the octahedral complexes due to their binuclear structures. Antimicrobial studies have showed 
that oxazolidinone complexes are effective against both tested bacteria and fungi though their effects are dose 
dependent. The ligands exhibited lower antifungal and bacterial activities than their corresponding complexes. 
The complexes in this study were prepared using direct synthesis method, further investigation are 
recommended using template method of synthesis with other transition metal ions. The Ligands and complexes 
synthesized should be further exploited for their antimicrobial activities against other pathogens.  
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